The research aims to improve performance of high-accuracy hole-making in hybrid stacks. The stacks consist of carbon fiber reinforced plastic and Titanium and Aluminum alloys. Holes were made with Atlas Copco PFD-1500, a pneumatic drilling machine with automatic tool feeding. A MAPAL hard-alloy six-toothed reamer with MQL channels was used as a cutting tool. Hole diameters were controlled using Carl Zeiss CONTURA G2. Cutting parameters' variation ranges were identified and the experiment was designed in Statistica 6. The experiment design involves two factors (cutting speed, feed) and an additional block factor describing a reaming allowance. As a result, multi-factor regression analysis models were developed. They describe the effects of cutting parameters on the hole accuracy in hybrid stacks. The cutting parameters were optimized and recommendations were given.
I. INTRODUCTION
As the machine building industries are developing [1] , the demand for high-force materials and their mixes is increasing [2] . Carbon fiber is the most promising material [3] . It is hightensile and flexible, which is not typical of metals [4] . Carbon fiber and metals are connected by bolts and rivets. Holemaking for fasteners is labor intensive as far as stack materials have different machining parameters. For example, Titanium alloys [5] are machined at low cutting speeds, while composite materials -at high ones. Identification of the relationship between the hole [6] accuracy and cutting parameters [7, 8] for each layer can help solve these issues [9] . Designing allows using the minimum number of experiments to identify the effects of parameters variation. The method is relevant for machining as far as cutting tool wear influences the hole [10, 11] accuracy and only a decrease in the number of experiments allows conducting the experiment under a wide range of cutting conditions.
II. EXPERIMENTAL WORK

A. Research object,cutting tooling and test methods
A five-layer composite OT4-VT6-CFRP-VT6-Al was a research object. The hole was being made from ОT4-side. Figure 1 shows a scheme of the composite stack specifying the thickness of each layer. The tested tool was a Mapal six-toothed reamer with MQL channels [12] .
The experiments were conducted using Atlas Copco PFD-1500, a pneumatic drilling machine with automatic tool feeding. The tooling is based on a modular principle which allows for the resetting of cutting parameters by changing units. The cutting parameters [13, 14] were varied in a discrete way according to the set blocks. MQL Accu Lube LB 5000 with a flow rate of 0,5 g/min was fed into the cutting area [15, 16] .
Hole diameters were controlled using Carl Zeiss CONTURA G2 [17] . The diameters [18, 19] were determined for each section in increments of 1 mm except for transition areas. Deviation from the longitudinal section profile was used as an accuracy parameter.
B. Experiment design
Cutting speed and feed were used as variables [20] . Natural and standardized variation level values are presented in Table I [21] . The experiment was designed in Statistica 6 on the basis of the central composite design. The design is not full-factorial, which allows for results without conducting experiments under all cutting parameters. The method is relevant for studying cutting processes as far as an increasing number of operation cycles increases cutting tool wear influencing the results obtained. Table III shows a composite design matrix. Figure 2 shows the relationship between deviations of the longitudinal section profile for all the stack layers and cutting speed and feed. According to the regression analysis results, the influence of the block factor on the profile is minimum. In this case, it is sufficient to study the surface built for one allowance. 
A. Layer OT4.
Using regression analysis, let us calculate a determination factor R 2 =0.53 and regression factors. The regression model can be written as:
The model analysis shows that the block factor (reaming allowance) influences the deviation profile. Therefore, it is necessary to build surfaces for each allowance. Based on the surface analysis, one can conclude that profile deviation variations caused by increasing cutting speed are parabolic. They are maximum at mean speeds and minimum at high ones. An increase in the allowance impairs the hole accuracy.
B. First layer VT6.
Regression analysis was used to calculate a determination factor R 2 =0.84 and regression factors. The model for VT6 can be written as:
Based on the model analysis, one can conclude that the block factor effect is insignificant. Therefore, it is sufficient to study the surface for one allowance. Having studied the surface, one can determine that increasing cutting parameters impair the hole accuracy. The maximum accuracy corresponds to minimum cutting speed and mean feed values.
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C. Layer CFRP.
The determination factor in the CFRP layer is R 2 =0.68. The model for CFRP can be written as:
Allowance and feed rates have maximum effects on the hole accuracy. Having analyzed the surfaces, one can conclude that an increasing allowance improves the hole accuracy for the CFRP layer. It is due to the fact that at small allowances, the cutting tool crimps carbon fiber rather than cuts it off. After the machining process has been completed, fibers become elastic and decrease the hole diameter.
D. Second layer VT6.
In the VT6 layer, the determination factor is R 2 =0.79. The model can be written as:
Speed and Speed 2 have a significant effect on the hole accuracy. Therefore, it is sufficient to study the surface for one allowance. 
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Having studied the surface, one can conclude that feed variation does not influence the hole accuracy, while an increasing cutting speed rate impairs it.
E. Layer Al.
The determination factor for the Al layer is R 2 =0.69. The model can be written as: Δ=2.71+0.56Block+0.85Speed+0.58Speed 2 +0.59Feed +0.62Feed 2 +0.21Speed*Feed (6) Feed and Speed have the least effect on the hole accuracy. All other factors influence the deviation of the longitudinal section profile. Fig. 9 . Deviation of the longitudinal section profile from cutting parameters for Al (0,1 mm allowance). Having studied the surface, one can conclude that combinations of high cutting speeds and feed impair the hole accuracy. Mean speed and feed values ensure the maximum hole accuracy.
IV. CONCLUSIONS 1. The models of multi-factor dispersion analysis were built for both hybrid stacks as a whole and each stack layer. The models determine effects of cutting parameters effects on the hole accuracy. Thus, the models can reduce machine time by setting cutting parameters.
2. Among all the stack layers, the first Titanium VT6 and Aluminum layers have a greater effect on deviation of the longitudinal section profile.
3. The most significant factor influencing deviations of the longitudinal section profile is feed. The cutting speed is also a significant factor.
